Encarsia formosa Gahan, a parasite of worldwide occurrence, is an effective enemy of the greenhouse whitefly, Trialcurodcs vaporariorum (Westwood), at temperatures of 24°C and higher. It shows a preference for whiteflies on nonpubescent leaves. If no hosts were previously available, Encarsia adults fed readily on whitefly pupae when confined with them. Host-feeding by this parasite has not been reported previously. E. formosa is uniparental, though bisexual. Males occur rarely and, as with other Encarsia species, they develop hyperparasitically as parasites of Encarsia larvae. No explanation of their appearance has been previously suggested. In the present work, the whiteflies in which males developed always contained Encarsia larvae, while those in which female-producing eggs were deposited were always unparasitized at the time of oviposition. The male-producing, hyperparasitic habit of E. formosa females appears to materialize only if they are unable to find unparasitized hosts; therefore, adult males usually occur only if the parasite-host ratio is high.
Encarsia formosa is the best known greenhouse whitefly parasite. It was described by Gahan (1924) from specimens collected in Idaho, but is known to occur throughout much of the United States. After an independent discovery of E. formosa was made in England (Gardener's Chronicle 1926), it was used there for the commercial control of the greenhouse whitefly in hothouses (Speyer 1927 ). E. formosa was later exported from England to Canada (Turnbull and Chant 1961) and to Australia, New Zealand, and Tasmania (Tonnoir 1937 , Noble 1938 , where it was successfully used for the control of the greenhouse whitefly, Trialeurodes vaporarionun (Westwood).
The 2 main limitations of E. formosa as an agent in commercial biological control are rejection of certain host plants by the parasite and inability to control the greenhouse whiteflies at temperatures below 24°C. Host-plant preference was recorded by Speyer (1929) , who utilized unattractive tobacco plants for host propagation, and parasite-acceptable tomato plants for parasite rearing. Milliron (1940) , also conducted some host plant studies. He found that "the degree of parasitism is affected by the pubescence of the host plant and by the excretions of host plant and whitefly larvae." The more pubescent the plant and the larger the amount of excretions, the less the parasite is effective.
The greenhouse in which the E. formosa culture was maintained during the present study contained 5 different species of whitefly-bearing host plants, all of which were continuously subjected to nearly identical conditions. Individuals of E. formosa parasitized greenhouse whitefly nymphs on all 5 plant species, but the more pubescent the plant, the less abundant were the parasites. The plants used, in ascending order of pubescence were: tree tobacco, cotton, avocado, tomato, and squash. E. formosa only rarely attacked whiteflies on squash when susceptible whiteflies were available on the other plants, but whitefly-infested 1 Data contained herein were taken from a thesis submitted in partial satisfaction of the requirements for the degree of Doctor of Philosophy at the University of California, Riverside. Accepted for publication June 7. 1965. plants of all 5 species, when isolated in cages, were able to support heavy parasite populations.
The favorable reaction of E. formosa to relatively high greenhouse temperature was noticed by Speyer (1927 Speyer ( , 1929 , Milliron (1940) , and others. Burnett (1949) paid special attention to this phenomenon and found that E. formosa is not able to control the greenhouse whitefly at a temperature below 24°C (75.2°E). Both host-plant preference and the favorable response to temperature play an important role in determining the population fluctuations of E. formosa. Outdoors in Riverside this parasite reaches its peak abundance during the summer and the plant on which it is predominant is the smooth-leaved tree tobacco.
THE DEVELOPMENT OF MALES
E. formosa is known to be uniparental although bisexual. A few males were observed by Speyer (1927) , who mentioned that they occurred after a cool period. Noble (1938) and Milliron (1940) mentioned that males exist, and Burnett (personal correspondence) found them when the parasite population reached its peak of abundance (and the parasite/host ratio was the largest).
All biparental species of Encarsia, the developmental biology of which has been heretofore investigated, have males which develop as parasites of immature Encarsia females. Hence it was theorized that mature E. formosa females would proceed to lay maleproducing eggs in their own larvae provided they could find no unparasitized whitefly nymphs.
To test this theory, about 20 parasite females were introduced into a cage containing 2 tree-tobacco plants on which unparasitized whitefly nymphs were present. The parasite population was allowed to build up but no new host material was added to the initial stock. Consequently, the females of the second E. formosa generation were numerous enough to parasitize all the whitefly hosts within the cage. Conditions were now created under which E. formosa females were confined with parasitized whitefly nymphs only. Hopes that adult E. formosa females would proceed to lay male-producing eggs in parasitized whitefly nymphs materialized, and several males were collected during the next generation. Also, dissection of whitefly pupae revealed a male larva feeding upon the remnants of a female pupa, thus verifying the theory that E. formosa males are parasitic upon their own females.
Observations were carried out in an attempt to see li. formosa females oviposit in an immature stage of the greenhouse whitefly containing a developing Encarsia larva. These observations revealed that E. formosa females will oviposit in whitefly nymphs but not pupae, irrespective of their contents. The latter phenomenon may be caused by a lack of the right stimulus by the whitefly pupa.
The conclusions are that the eggs of E. formosa, when laid in unparasitized hosts, give rise to females. However, when it can find only parasitized whitefly nymphs, the parasite female lays a male-producing vgg in or on a larva of its own species. This egg then develops at the expense of the larva and gives rise to a male. Mating is not needed for continuous reproduction and was never observed.
HOST-FEEDING Burnett (1%2, 1964) found many dead, early-instar whitefly nymphs in his cultures. In search of an explanation for this event he observed a large number of host-parasite interactions but never found the parasite to host-feed. Nymphal mortality, like that mentioned by Burnett, was observed in cultures of E. formosa and is probably due either to stinging injury inflicted on very young whitefly nymphs or to their superparasitism. A similar phenomenon was observed also with another greenhouse whitefly parasite, Encarsia pcryandiclhi Howard.
Host feeding by a species of Encarsia was first observed by Stiiben (1949) . She observed that the female of E. tricolor Foerster first inflicted a wound in the whitefly nymph with its ovipositor and then fed on the body fluids oozing from it.
According to Bartlett (1964) , host body fluids provide, the parasite female with proteins necessary for egg development. When confined with whiteflies for observation purposes, E. formosa females that were previously kept with a ready supply of all whitefly stages would usually refrain from host-feeding, the reason being that they had been able to fulfill their protein requirements before confinement. Therefore, only protein-starved females were used for hostfeeding studies.
A protein-starved E. formosa female, when confined with host pupae, mounted one of them within the first 5 minutes of confinement and inserted its ovipositor through the integument of the pupa. After stinging for about 6 min, the female retracted its ovipositor from the host. In some instances, a short, brown feeding tube was observed to enclose the wound on the surface of the whitefly pupa, while in others no such structure was observed. In both cases, however, the parasite female was observed feeding on the body fluids oozing from the wound. The contents of the whitefly pupa was often completely sucked out after having been pierced by the parasite anywhere from 1 to 10 times.
Protein-starved E. formosa females that were confined with whitefly nymphs for only a few hours did not host-feed; instead they oviposited in them. It is possible, however, that host-feeding would have occurred on this stage also were the E. formosa females longer confined with the whitefly nymphs.
